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EFFECT OF FUEL VOLATILITY ON PERFORMANCE OF A
WRIGHT R-2600~-8 ENGINE AS INFLUENCED BY
MIXTURE DISTRIBUTION
By H, Jack White and Helmuth W. Engelman

SUMMARY

ObJect. - To determine the effect of fuel volatility on engine
power and econamy as influsnced by mixture distridbution,

Scope. - Tests of four fuels of different volatllity were con-
ducted on a Wright R-2600-8 engine at desired crulsing power (60 per-
cent of normal rated), maximum crulsing power (75 percent of normal
rated), normal rated power, and take-off power. The inlet-air
temperature at the ca.rburetor intake varied from 46° F to 72° F,

Summary of results, - Although some varlation of mixture dis-
tribution could be attributed to the different volatilities of the
fuels tested, the effect of volatility on power and brake specific
fuel consumption was small for the range of conditions tested, At
conditions of normal-rated and teke-off power, engine operation was
notliceably rougher with the fuels that had 90-percent points of
295° F (V-10) and 306° F (V-7) than with the fuels that had 90-percent
points of 255° F (V-9) and 270° ¥ (AN-F-28).

INTRODUCTION

The tests desoribed hereln were made to obtain Information on
a maximum permissible A.8,T.M, distlllation 90-percemt point as
limited by satisfactory englne operation, The volatillity charac-
teristics of alrcraft fuels necessarlly represent a compromise
inasmuch as good mixture distribution usually demands high vola-~
tility, whereas many of the high .antiknock components, such as
cumens, have low volatility.
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In these tests the performance, the mixbture dlstribution, and
the temperature distribution of the Wright R-2600-8 engine were
investigated for three fuels of different volatility, supplied by
the Army Alr Forces, and for AN-F-28 fuel, taken from the general

laboratory supply.

The tests were conducted at the Aircraft Englne Research Labo-
ratory of the National Advisory Commitiee for Aeronautics at
Cleveland, Ohio, between April 10 and April 19, 1943,

APPAR:TUS AND PROCEDURE

A Viright Cyclone R-2600-8 engine equipped with & Holley
model 1685HA carburetor, a Wright torquemeter, and a Hemilton
svandard varilable-pltch propeller was used for these tests. The
engine was installed in a teat cell and was cooled by a separate
blower that drew air over the englns,

A brief -summary of the fuel characteristics 1s as follows:

Fuel 90-percent Specific Hydrogen-
digtillation gravity carbon
) point ratio
o (°F) .
V-1 306 0.7374 0.165
V-10 295 . 7581 .168
AN-F-28 fuel 270 .7219 .166
V-9 255 . 7093 179

Distlillation curves for the fuels are shown in figure 1.

Tests were run at (1) desired crulsing power (60 percent of
normal rated power), (2) maximum crulsing power (75 percent of normal
rated power), (3) normal rated power, and .(4) take-off power, Table
1l is a summary of the various runs,

The inlet-alr temperature was measured by a thermocouple at the
carburetor intake, Fuel flow was indicated by a rotameter., The
entire fuel-supply system wvas dralned between runs to provent dilu-
tion when fuels were changed. Cooling-alr temporatures wero air
temperatures recorded in the test cell ahead of the propeoller,

Mixture distribution was determined by exhaust-gas analysls,
Two methods of analysls were employed in ordor that ome could be
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used as a check against the other, In ones method (normal), samples
wore drawn into bottles and analyzed with a Burrell apparatus, This
method Involves a cambustion plpette ln which the products of Incom-
plete combustion are burned in added air. The second method (oxida-

tion) consisted in oxidizing & continuously flowing sample over-

heated copper oxide and then analyzing the oxidized sample for car-
bon dioxide in an Orsat apparatus during the run. In ome set of rums,

oxidized samples were drawn into burettes and were analyzed with a
Burrell apparatus,

All exhaust-gas sampling was caryied out at a pressure of
6 inches of water, above atmospheric, measured at the point of
delivery to the sample bottles or to the Orsat apparatus. An
exception to this procedure was the runs at normal rated power
(2400 rpm) in which an exhavst-sampling pressure of approximately
15 inches of water was malntalned. This pressure corresponded
roughly to 85 percent of the maximm (no-flow) pressure avallable
in the sampling system at these condltions.

Exhaust-flame colors provided a rough qualitative check of
mixture distribution. A rather effectlve practlcal check could
be made of individual cylinder performance by this visual means.
When the engine was operating at rich mixtures (at a fuel-air
ratio of 0.10 or higher}, richer-than-average cylinders were
observed to emit flames showing a characteristic red cone at the
base of the usual dancing blue-white plume, FExtremely rich cyl-
inders exhibited a spectacular flashing white flame beyond the
red base flame,

Combustion-alir flow was not measured during these tests,
Proevious engine data, which included both air-flow measurements
as a function of manifold pressure and fuel-~-flow measursments at
the two carburetor-mixture settings,. gave a rough gquantitative
check of average fuel-air ratio for the conditions of these tests.
These data are labeled on the curve sheets "approximate carburetor
fuel-alr ratio."

Engine temperatures were determlned by rear spark-plug-gasket
thermocouples and by thermocouples spot-welded to the rear middle
barrel surfaces between the fins, A self-balancing potentlometer
was used for Indicatlon of temperatures. BSufficient time was
allowed between the setting of the engine conditions and the re-
cording of the data for all engine temperatures to stabilize. Thse
time requirement for each run was determined by the tlme necessary
for exhawst-gas samples to be taken, which was approxlmately S
minutes, Engline temperatures were not observed to roquire differ-~
ent amounts of time to stabilize for the varlous fuels.
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Power was determined by a Wright torquemeter, which, in prin-
ciple, measures the reaction on the stationary member of the nose
planetary reductlon-gear traln,

RESULTS AND DISCUSSION

Engine-performance characteristics for the various fuels at
all power conditions are gliven 1n table 1.

Tests at 60 percent of normal rated power. - The mixture dis-
tribution at 60 percent of normal rated power 1s shown in figure 2.
In table 2 results of two methods of exhaust-gas analysis are com-
pared. Fuel volatllity had no appreclable effect on mixture distrl-
bution, power, or brake specific fuel consumption. The temperature
distridbution 1s plotted in figure 3. Although the run for the
V-7 fuel was made with a higher cooling-alr pressure drop than for
the V-10 and the V-9 fuels, the general temperature pattern remained
the pame, On these and on subsequent plots, dashed-line segments
indicate the abgsence of data for a particular cylinder,

Tests at 75 percent of normal rated power, ~ Flgure 4 Ilndicates
some difference in the mixture dlstribution with the different fuels
at 75 percent of normal rated power, The greatest variation in
fuel-air ratio from cylinder to cylinder occurred with the V-7 fuel;
the V-10 fuel showed a lesser degree of varlation, The mixture
distribution was good with the V-9 and the AN-F-28 fuels, The
temperature distribution (fig. 5) was approximately the same for
the various fuels.

Tests at normal rated power, - The mixture distribution at
normal rated power was determined by two independent methods of
exhaust-gas analysis and 1s presented in figure 6. Orsat (oxidized
exhaust gas) analyses were made during the actual test runs for all
four fuels (fig. 6(a)). Simultaneously, oxidized exhaust samples
wore drawn into bottles for subsequert laboratory analysis with the
Burrell apparatus, These samples were taken for the V-7, tho V-10,
and the V-9 fuels and the results are shown in figure 6(b)., These
analyses were made in order to compare the two mothods of gas
analysis. Inspection of figures 6(a) and G(b) shows that a good
check was obtalned. The V-7 fuel shows the wldest varliation of
fuel-air ratio, tie V=10 fuel slightly less, tho AN-F-28 fuel
still less, and the V-9 fuel tho least varilation. The temperature
variation, plotted in figure 7, was somewhat affected by the dif-
ferences in mixture distribution. IEnglno operation was rough with
the V-7 and the V-10 fuels.




NACA ARR No, E4I05 5

Tests at take-off power. - The exhaust sampling at take-off
power was not satisfactory lapparently because of nongaseous products
of oombustion visible as smoke in the exhaust), and the date are not
" presented, The temperature distribdution in figure 8. was substan-
tially the same for the various fuels, .

Additional observations. ~ Greater Ailfficulty was experienced
in sterting the engine with the V-7 and the V-10 fuels (high
80-percent points) than with the AN-F-28 and the V-9 fuels (low
90-percent points).

Cylinder temperatures ocould be correleted to some extent with
cylinder mixture strength (figs. © and 10). In figures 9(a) and
9(b), under the engine comditions listed and with the two fuels
conducive to the poorest mixture distribution (see fig. 6), the
leanest cylinders tend to have the highest rear apark-plug-ga.sket
temperatures and the richest cyl'nders have the loweat temperatures.
Figure 9(c), however, represents & more ncarly normal mixture-
distribution condition where, as compared with figures 9(a) anmd
9(1b) s very lilttle correla.tion between rear sperk-plug-gasket tem~
Perature and fuel-alr ratlo is to be found, Eere, the variation
in temperaturs i1s mainly attributable to inherent differences in
cooling between cylinders. This inherent spread (fig. 9(c))
accounts for approximately two-thirds of the total spread with the
widest variation of mixture distribution (figs. 9(a) and 9(b)).
Figure 10, which prosents data for runs at 2100 rpm, shows but
slight correlation betweon rear spark-plug-gasket temperaturces and
fuel-alr ratio,

The dashed lines shown in figures 9(a) and 9(b) indicate the
approximate locus of roar spark-plug-gasket tamperatures against
fuel-air ratio, where poor mixture distribution applies. Those
lines aro not intended to represent the ideal line of correlation
between head temperature and mixture strength, where fusl-alr
ratio is the sole variable, as shown in figure 11.

The curves in figure 11 were plotted from unpublished data
obtained in cooling-correlation teats. Those plots show, for
three conditions of power and mixturo strength, the change of
rear spark-plug-gaskot temperature that might be expected to ocour
with variation in mixture strength to an individual oylinder when
mixture distribution is poor. The solid llne shown In this fig-
ure, for a fuel-alr ratlo of 0.11, may be consldored roughly
ropresentative of the trond that produced the effeots shown Iin
figures 9(a) and 9(b), as contrasted with figure 9(o).
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SUMMARY OF RESULTS

The followlng statements apply for a range of inlet-air tem-
peretures from 46° to 72° F:

1. The best power and fuel econcmy were, Iin general, obtained
with the fuel that had the lowest 90-percent polnt, Differences
in performance between the other fuels were relatively slight and
not readily attributable to differences In volatility,

2. Some changes in mixture dilstributlion could be attrlbuted
to changes 1n the 90-percent point of the fuel. The widest varia-~
tions of fuel-alr ratlo ocourred at high powers and rich mixtures.
The best distribution characteristics were shown by the fuels
having the lowest 90-percent distlllation points.

3. Individual cylinders showed changes of temperature due to
varying mixture distributlion with different fuels, but these changes
were conslderably less than the differences between cylinders because
of other factors. For condlitlons conduclve to the poorest mixturs
distribution among the cylinders, some correlation between mixture
strength and cylinder-head temperatures can be made.

Alrcraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio.
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TABLE 1. - SUMARY OF PERFORMANCE TESTS OF FOUR ARMY FUELS OF DIFFERENT
VOLATILITY ON A WRIGHT R-2600-8 ENGINE

Power Engine|{ Mani- | Carburetor| Run Fuel 90-per- Brake | Brake spe- |Cooling- | Cambus-
condition speed | fold | setting cent horge~| cific fuel |air pres- | tion-alr
(rmm) |pres- point | power | consumption|sure drop | tempera-
sure of fuel (1b/hp-hr) |(in,water)| ture
(1n,Ha (°F) (°F)
abs.)
60 percent 2000 | 27.0 | Crulsing | 104 V-7 306 790 0.44 4,6 49
normal rated lean 11 v-10 295 790 44 2.4 ' 48
107] V-9 255 795 A4 2,5 , 46
75 percent 2100 | 31.0| Cruilsing | 114 V-7 306 | 1073 0.46 7.5 60
normal rated lean 113 v-10 295 | 1080 45 7.5 - 87
116| AN-F-28{ 270 | 1060 .48 7.7 . 63
115 v-9 255 11083 45 7.5 62
Normal rated | 2400 | 37.5 { Full rich|{ 109 v-7 306 {1380 0.78 4,5 53
212Qy V-7 3506 pemees | cmcccccac- 5.7 72
111 v-10 295 | 1390 77 4,1 . 50
a)121) v-10 290 |esmee | cecccccae- 4,7 72
117| AR-F-28] 270 {1368 .18 4.7 © 85
1133 V-9 255 | 1375 1T 4,9 ' 72
108 V-9 - 255 | 1400 .76 35,5 8
Take-off 2600 | 43.0 | Full rich| 106| V-7 306 {1570 0,87 8.0 " 54
112 v-10 295 | 1595 .92 4,9 51
103 V-9 255 | 1630 .89 5.6 53

aPower measurement in error.

National Advisory Coomlttee
for Aeronautics
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